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(57) ABSTRACT 

There is described a paper sheet conveyance apparatus, 
Which makes it possible to surely separate the overlapping 
paper sheets from each other irrespective of a kind of paper. 
The apparatus includes: a thickness detecting section to 
detect a thickness of a paper sheet, currently conveyed in the 
conveyance path; a ?rst suction device to adsorb the con 
veyance paper sheet currently passing through the ?rst 
suction device; a second suction device to adsorb the overlap 
paper sheet currently passing through the second suction 
device; an overlapping conveyance path that is branched 
from the conveyance path; and a control section that acti 
vates the ?rst suction device and the second suction device 
so as to separate the conveyance paper sheet from the 
overlap paper sheet, and to introduce the conveyance paper 
sheet and the overlap paper sheet into the conveyance path 
and the overlapping conveyance path, respectively. 
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PAPER SHEET CONVEYANCE APPARATUS 
AND IMAGE FORMING APPARATUS 

[0001] This application is based on Japanese Patent Appli 
cation No. 2006-070407 ?led on Mar. 15, 2006 in Japanese 
Patent Of?ce, the entire content of Which is hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an image forming 
apparatus, such as a copier, a facsimile, a printer, etc., and 
a post processing apparatus, Which is directly or indirectly 
coupled to the image forming apparatus, and speci?cally 
relates to a paper sheet conveyance apparatus, Which sepa 
rates an overlap paper sheet from a regular paper sheet to be 
conveyed, When an overlapping conveyance error occurs 
during a conveying operation of the paper sheets accommo 
dated in the apparatus. 
[0003] Conventionally, as the abovementioned kind of 
paper sheet conveyance apparatus, Which separates the over 
lap paper sheet from the regular paper sheet to convey it, 
there has been Well-knoWn a paper sheet conveyance appa 
ratus, Which is provided With an electrostatic charge gener 
ating device or a suction fan, serving as an adsorption 
devise, disposed in the conveyance path so as to prevent the 
overlapping conveyance error (for instance, set forth in the 
Patent Document 1, namely, Tokkaihei 6-32498, Japanese 
Non-Examined Patent Publication). Referring to the draW 
ing, this conventional apparatus Will be detailed in the 
folloWing. 
[0004] FIG. 7 shoWs a schematic diagram of a rough 
con?guration of a conventional separating conveyance 
apparatus. Referring to FIG. 7, the conventional separating 
conveyance apparatus Will be detailed in the folloWing. The 
paper sheets 2 are accommodated in the paper sheet feeding 
section 1, so that the paper sheets 2 are picked up one by one 
by the paper sheet feeding roller 3, and separated for every 
paper sheet by means of the separation nail 4 so as to feed 
a single paper sheet one by one. Further, the upper guide 
plates 11a, 11b, and the loWer guide plates 15a, 15b are 
disposed betWeen the pair of conveyance rollers 5 and the 
pair of registration rollers 7, so as to form the conveyance 
path 17. The upper guide plates 11a, 11b are divided into the 
upstream section 11a and the doWnstream section 11b, so 
that the electrostatic charge generating device 12 can be 
disposed betWeen the upstream section 11a and the doWn 
stream section 11b, so as to exert the electrostatic force onto 
the paper sheet conveyed through the conveyance path 17. 
The area located beloW the electrostatic charge generating 
device 12 and betWeen the loWer guide plates 15a, 15b is 
opened, so as to form the overlap paper sheet conveying path 
18, Which is extended toWard the loWer side. The paper sheet 
2 is conveyed by the pair of conveyance rollers 5 including 
the tWo rollers 5a and 5b disposed in front of the paper sheet 
feeding section 1. The paper sheet 2 conveyed by the pair of 
conveyance rollers 5 is guided by the upper guide plate 11a 
and the loWer guide plate 1511. When the paper sheet 2 
arrives at a position in the vicinity of the electrostatic charge 
generating device 12, the electrostatic charge generating 
device 12 is turned ON, based on the paper sheet feeding 
command. When the overlapping conveyance error of the 
paper sheet 2 occurs as shoWn in FIG. 7, the regular paper 
sheet 1911 to be conveyed regularly is adsorbed by the 
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electrostatic force generated by the electrostatic charge 
generating device 12. On the other hand, associating With 
the action for adsorbing the regular paper sheet 1911 toWard 
the electrostatic charge generating device 12, the leading 
edge portion of the overlap paper sheet 19b is separated from 
the regular paper sheet 1911 by the gravity of the overlap 
paper sheet 19b. The electrostatic force generated by the 
electrostatic charge generating device 12 is set at a Weak 
force to such an extent that the electrostatic force is barely 
stronger than the gravity force, and therefore, hardly 
impedes the conveying operation to be conducted by the pair 
of conveyance rollers 5 for conveying the regular paper 
sheet 19a. As a result, associating With the conveying action 
conducted by the pair of conveyance rollers 5, the regular 
paper sheet 1911 to be conveyed regularly is guided by the 
upper guide plate 11b and the loWer guide plate 15b so as to 
pass through the conveyance path 17, and arrives at the pair 
of registration rollers 7. Then, the regular paper sheet 1911 is 
conveyed to the image forming section by the pair of 
registration rollers 7, in order to apply a certain image 
forming operation, such as a copying operation of the 
original document, etc., to the regular paper sheet 19a. On 
the other hand, the overlap paper sheet 19b passes through 
the overlapping conveyance path 18, and is detected by the 
overlap paper sheet detecting sensor 10, and passes through 
the pair of conveyance rollers 14, in order to stack it onto the 
overlap paper sheet stacking tray 16. Incidentally, in the 
example mentioned in the above, although the electrostatic 
charge generating device 12 is employed for adsorbing the 
overlap paper sheet 19b, the suction fan 13 is also applicable 
for this purpose, instead of the electrostatic charge generat 
ing device 12. 
[0005] As mentioned in the above, according to the sepa 
rating conveyance apparatus set forth in the Patent Docu 
ment 1 (namely, Tokkaihei 6-32498, Japanese Non-Exam 
ined Patent Publication), the paper sheet separating action is 
achieved by conveying the necessary paper sheet While 
adsorbing it, and on the other hand, dropping the overlap 
paper sheet by using the gravity force caused by its oWn 
Weight. HoWever, the dropping action by the gravity force 
caused by its oWn Weight cannot be expected With respect to 
overlapping paper sheets caused by the frictional electri? 
cation, a reuse paper sheet, a thick paper sheet, or the like, 
and sometimes, such the overlap paper sheet Would be 
conveyed into the regular conveyance path. 
[0006] In addition, since the abovementioned separating 
method utiliZes the action of the gravity, the application of 
the method is limited to only a horiZontal conveyance 
structure. 

SUMMARY OF THE INVENTION 

[0007] To overcome the abovementioned draWbacks in 
conventional paper sheet conveyance apparatus, it is an 
object of the present invention to provide a paper sheet 
conveyance apparatus, Which makes it possible to surely 
separate the overlapping paper sheets from each other irre 
spective of a kind of paper, so as to continuously conduct the 
printing operation Without stopping the apparatus even When 
the overlapping conveyance error occurs, and accordingly, 
also makes it possible to shorten the time period required for 
the printing operation, resulting in an improvement of the 
availability factor of the image forming apparatus, and 
further, the conveyance posture of Which is not restricted to 
a speci?c direction. 
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[0008] Accordingly, to overcome the cited shortcomings, 
the abovementioned object of the present invention can be 
attained by the paper sheet conveyance apparatus and the 
image forming apparatus, described as folloW. 
(1) A paper sheet conveyance apparatus for conveying a 
paper sheet, picked up from a paper sheet feeding section, 
through a conveyance path, comprising: a thickness detect 
ing section to detect a thickness of either a single paper sheet 
or overlapping paper sheets, Which includes a conveyance 
paper sheet and an overlap paper sheet, currently conveyed 
in the conveyance path; a ?rst suction device, disposed at a 
?rst position Within the conveyance path, to adsorb the 
conveyance paper sheet currently passing through the ?rst 
suction device; a second suction device, disposed at a second 
position substantially opposing to the ?rst position Within 
the conveyance path, to adsorb the overlap paper sheet 
currently passing through the second suction device; an 
overlapping conveyance path that is branched from the 
conveyance path; and a control section to conduct control 
ling operations in such a manner that, When the overlapping 
paper sheets are conveyed into the conveyance path from the 
paper sheet feeding section, the ?rst suction device and the 
second suction device are activated to separate the convey 
ance paper sheet from the overlap paper sheet, so as to 
introduce the conveyance paper sheet and the overlap paper 
sheet into the conveyance path and the overlapping convey 
ance path, respectively. 
(2) An image forming apparatus, comprising: an image 
forming section to form an image onto a paper sheet; and a 
paper sheet conveyance section to convey the paper sheet, 
picked up from a paper sheet feeding section, to the image 
forming section through a conveyance path; Wherein the 
paper sheet conveyance section includes: a thickness detect 
ing section to detect a thickness of either a single paper sheet 
or overlapping paper sheets, Which includes a conveyance 
paper sheet and an overlap paper sheet, currently conveyed 
in the conveyance path; a ?rst suction device, disposed at a 
?rst position Within the conveyance path, to adsorb the 
conveyance paper sheet currently passing through the ?rst 
suction device; a second suction device, disposed at a second 
position substantially opposing to the ?rst position Within 
the conveyance path, to adsorb the overlap paper sheet 
currently passing through the second suction device; an 
overlapping conveyance path that is branched from the 
conveyance path; and a control section to conduct control 
ling operations in such a manner that, When the overlapping 
paper sheets are conveyed into the conveyance path from the 
paper sheet feeding section, the ?rst suction device and the 
second suction device are activated to separate the convey 
ance paper sheet from the overlap paper sheet, so as to 
introduce the conveyance paper sheet and the overlap paper 
sheet into the conveyance path and the overlapping convey 
ance path, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Embodiments Will noW be described, by Way of 
example only, With reference to the accompanying draWings 
Which are meant to be exemplary, not limiting, and Wherein 
like elements are numbered alike in several Figures, in 
Which: 

[0010] FIG. 1 shoWs an example of a rough con?guration 
of a paper sheet conveyance apparatus embodied in the 
present invention; 
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[0011] FIG. 2(a) and FIG. 2(b) shoW explanatory sche 
matic diagrams for explaining a separating operation of 
overlapping paper sheets, When a thickness detecting sensor 
detects an overlapping conveyance at a portion being apart 
from a leading edge of a paper sheet by a distance smaller 
than 20 mm; 
[0012] FIG. 3(a) and FIG. 3(b) shoW explanatory sche 
matic diagrams for explaining a separating operation of 
overlapping paper sheets, When a thickness detecting sensor 
detects an overlapping conveyance at a portion being apart 
from a leading edge of a paper sheet by a distance equal to 
or greater than 20 mm; 
[0013] FIG. 4(a), FIG. 4(b) and FIG. 4(c) shoW ?oWcharts 
of processing procedures of a ?rst suction device and a 
second suction device, both of Which are controlled by a 
control section embodied in the present invention; 
[0014] FIG. 5 shoWs a subroutine ?owchart for commenc 
ing an operation of a ?rst suction device in Which an amount 
of Wind How is controlled on the basis of a basis Weight of 
a paper sheet; 
[0015] FIG. 6 shoWs a schematic diagram of a paper sheet 
conveyance con?guration in Which an overlap paper sheet, 
separated from a conveyance paper sheet, is conveyed into 
a reuse conveyance path through an overlapping conveyance 
path; and 
[0016] FIG. 7 shoWs a schematic diagram of a rough 
con?guration of a conventional separating conveyance 
apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] Referring to the draWings, the preferred embodi 
ment of the present invention Will be detailed in the follow 
mg. 
[0018] FIG. 1 shoWs an example of a rough con?guration 
of a paper sheet conveyance apparatus embodied in the 
present invention. 
[0019] Referring to FIG. 1, the paper sheet conveyance 
apparatus embodied in the present invention Will be detailed 
in the folloWing. Paper sheets 2 are accommodated in a 
paper sheet feeding section 1, so that the paper sheets 2 are 
picked up one by one by a paper sheet feeding roller 3, and 
separated for every paper sheet by employing a separation 
nail 4 so as to feed a single paper sheet 211 one by one. 
Further, a thickness detecting sensor 8, serving as a thick 
ness detecting section, is disposed at a position located 
betWeen a pair of conveyance rollers 5 and a pair of 
conveyance rollers 6. The thickness detecting sensor 8 
includes ultrasound detecting elements so as to detect the 
thickness of the paper sheet passing through a space betWeen 
an ultrasound emitting element and a receiving element. Still 
further, upper guide plates 11a, 11b, and loWer guide plates 
15a, 15b are disposed betWeen the pair of conveyance rollers 
5 and a pair of registration rollers 7, so as to form a 
conveyance path 17. The upper guide plates 11a, 11b are 
divided into an upstream guide plate 11a and a doWnstream 
guide plate 11b, so that a ?rst suction device 131 can be 
disposed betWeen the upstream guide plate 11a and the 
doWnstream guide plate 11b. The loWer guide plates 15a, 
15b are also divided into an upstream guide plate 15a and a 
doWnstream guide plate 15b, so that a second suction device 
132 can be disposed betWeen the upstream guide plate 15a 
and the doWnstream guide plate 15b. In addition, an over 
lapping conveyance path 18, through Which an overlap 
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paper sheet separated from a regular paper sheet is con 
veyed, is formed therefrom, in such a manner that it extends 
toward the loWer side. In the example shown in FIG. 1, the 
downstream end portion of the upstream guide plate 15a and 
the upstream end portion of the doWnstream guide plate 15b, 
both of Which respectively form the upstream section and 
the doWnstream section of the loWer guide plates 15a, 15b, 
are bended toWards the loWer side, so that the extended 
potions constitute the overlapping conveyance path 18 
through Which an overlap paper sheet separated is conveyed. 
An overlap paper sheet detecting sensor 102 is disposed at 
a position located in a mid-course of the overlapping con 
veyance path 18, and a stacking box 20 is disposed at the end 
portion of the overlapping conveyance path 18. In the 
example shoWn in FIG. 1, a pair of ejecting rollers 14 is also 
disposed at a position in the vicinity of the end portion of the 
overlapping conveyance path 18. On the other hand, the 
conveyance path 17 is extended toWard the doWnstream side 
from the ?rst suction device 131, so that a paper sheet 
conveyance detecting sensor 101 and the pair of registration 
rollers 7 are disposed on the conveyance path 17, and the 
single paper sheet 211 can be conveyed to a photoreceptor 
drum 9. 

[0020] Next, the separating operation of the overlapping 
paper sheets, conducted by a control section and embodied 
in the present invention, Will be detailed in the folloWing. 
[0021] FIG. 2(a) and FIG. 2(b) shoW explanatory sche 
matic diagrams for explaining the separating operation of 
the overlapping paper sheets, When the thickness detecting 
sensor 8 detects an overlapping conveyance at a portion 
being apart from the leading edge of the paper sheet by a 
distance smaller than 20 mm. 

[0022] The paper sheets 2 fed from the paper sheet feeding 
section 1 are conveyed by the pair of conveyance rollers 5. 
Then, the thickness detecting sensor 8 detects Whether 
overlapping paper sheets are conveyed or the single paper 
sheet 211 is conveyed With respect to the paper sheet(s) 2 
currently conveyed by the pair of conveyance rollers 5. 
Further, When detecting that the overlapping paper sheets are 
conveyed, the thickness detecting sensor 8 also detects a 
length of a portion at Which a conveyance paper sheet 1911 
and an overlap paper sheet 19b overlap With each other. For 
instance, after a certain time period has passed since the 
leading edge of the paper sheet passed through the thickness 
detecting sensor 8, When the a conveyance paper sheet 1911 
passes through the thickness detecting sensor 8 in a state of 
overlapping With the overlap paper sheet 19b, it is possible 
to derive (detect) the length of the overlapping portion of the 
conveyance paper sheet 1911 and the overlap paper sheet 19b, 
from the certain time period and a conveying velocity of the 
paper sheets 2. When the leading edge of the paper sheet 
(conveyance paper sheet 1911) passes through the thickness 
detecting sensor 8, the ?rst suction device 131 is turned ON, 
so that, for instance, a fan generates the Wind ?oWing in a 
direction indicated by the arroW X. The paper sheet passing 
through the thickness detecting sensor 8 is further conveyed 
to the position of the ?rst suction device 131 and the second 
suction device 132. As shoWn in FIG. 2(a), When the 
conveyance paper sheet 19a, among the overlapping paper 
sheets, is conveyed to such a position that the conveyance 
paper sheet 1911 closes the suction inlet of the ?rst suction 
device 131, the second suction device 132 is turned ON, so 
that a fan generates the Wind ?oWing in a direction indicated 
by the arroW Y. As a result, the overlap paper sheet 19b, 
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among the overlapping paper sheets, is adsorbed toWard the 
loWer side as shoWn in the draWing, and the separating 
action of the overlap paper sheet 19b begins as shoWn in 
FIG. 2(b). Then, the paper sheets are further conveyed so 
that the conveyance paper sheet 1911 is introduced into the 
conveyance path 17, While the overlap paper sheet 19b is 
introduced into the overlapping conveyance path 18. 
[0023] Each of the ?rst suction device 131 and the second 
suction device 132 is constituted by a single fan or a 
plurality of fans, depending on the required suction ability. 
[0024] Returning to FIG. 1, the paper sheet conveyance 
detecting sensor 101 detects the leading edge of the con 
veyance paper sheet 1911, and the pair of registration rollers 
7 corrects its registration, so that the conveyance paper sheet 
1911 is conveyed to the photoreceptor drum 9, in order to 
form an image on it. 

[0025] On the other hand, the overlap paper sheet 19b is 
conveyed through the overlapping conveyance path 18 to the 
stacking box 20 by the pair of ejecting rollers 14, so as to 
stack the overlap paper sheet 19b into the stacking box 20. 
Incidentally, the overlap paper sheet 19b stacked into the 
stacking box 20 can be reused as the paper sheets 2 by 
stacking them again onto the paper sheet feeding section 1. 
[0026] Although the paper sheet is conveyed in the hori 
Zontal direction in the paper sheet conveyance apparatus 
exempli?ed in the above, since not only the gravity force 
caused by oWn Weight but also the suction force generated 
by the fan are employed for separating the overlap paper 
sheet 19b from the conveyance paper sheet 19a, the con 
veying direction of the paper sheet can be set at any 
direction, for instance, a vertical direction. 
[0027] Further, although the operation commencing time 
of the ?rst suction device 131 is set at the time When the 
leading edge of the conveyance paper sheet 1911 passes 
through the thickness detecting sensor 8 in the example 
mentioned in the above, it is also applicable that the ?rst 
suction device 131 is alWays turned ON so as to keep the 
suction force active during the operating time of the appa 
ratus. 

[0028] As shoWn in FIGS. 2(a) and 2(b), the second 
suction device 132 is mounted in such a manner that the 
second suction device 132 is inclined relative to the ?rst 
suction device 131. By setting an inclination angle 6, 
betWeen the suction direction of the second suction device 
132 and that of the ?rst suction device 131 in the upstream 
direction of the conveyance paper sheet 19a, at a value in a 
range of l0°-40°, it becomes possible not only to reduce the 
jam occurring frequency of the overlap paper sheet 19b 
separated, but also to stably introduce it into the overlapping 
conveyance path 18, though its effect varies depending on 
the mounting angle betWeen the overlapping conveyance 
path 18 and the conveyance path 17. 
[0029] FIGS. 3(a) and 3(b) shoW a paper sheet separating 
operation When the thickness detecting sensor 8 detects the 
overlapping conveyance error at a position being apart from 
the leading edge of the paper sheet by 20 mm or more. 
[0030] The paper sheets 2 fed from the paper sheet feeding 
section 1 are conveyed by the pair of conveyance rollers 5. 
Then, the thickness detecting sensor 8 detects Whether 
overlapping paper sheets are conveyed or the single paper 
sheet 211 is conveyed With respect to the paper sheet(s) 2 
currently conveyed by the pair of conveyance rollers 5. 
Further, When detecting that the overlapping paper sheets are 
conveyed, the thickness detecting sensor 8 also detects a 
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length of a portion at Which a conveyance paper sheet 1911 
and an overlap paper sheet 19b overlap With each other. 
When the leading edge of the paper sheet (conveyance paper 
sheet 1911) passes through the thickness detecting sensor 8, 
the ?rst suction device 131 is turned ON, so that a fan 
generates the Wind ?oWing in a direction indicated by the 
arroW X. The paper sheet passing through the thickness 
detecting sensor 8 is further conveyed to the position of the 
?rst suction device 131 and the second suction device 132. 
As shoWn in FIG. 3(a), When the overlap paper sheet 19b, 
among the overlapping paper sheets, is conveyed to the 
center of the second suction device 132, after the convey 
ance paper sheet 1911 is conveyed to such a position that the 
conveyance paper sheet 1911 closes the suction inlet of the 
?rst suction device 131, the second suction device 132 is 
turned ON, so that a fan generates the Wind ?oWing in a 
direction indicated by the arroW Y. Incidentally, as men 
tioned in the foregoing, the conveying distances of the 
conveyance paper sheet 1911 and the overlap paper sheet 19b 
are calculated from the elapsed time since the thickness 
detecting sensor 8 has detected them and the conveying 
velocity of the paper sheets 2. Due to the Wind How in the 
direction indicated by the arroW Y, the overlap paper sheet 
19b, among the overlapping paper sheets, is adsorbed 
toWard the loWer side as shoWn in the draWing, and the 
separating action of the overlap paper sheet 19b begins as 
shoWn in FIG. 3(b). Then, the paper sheets are further 
conveyed so that the conveyance paper sheet 1911 is intro 
duced into the conveyance path 17, While the overlap paper 
sheet 19b is introduced into the overlapping conveyance 
path 18. 
[0031] When only a single paper sheet is fed from the 
paper sheet feeding section 1, the thickness detecting sensor 
8 detects that the single paper sheet is currently conveyed, 
and accordingly, only the ?rst suction device 131 is turned 
ON so as to absorb the paper sheet upWard. The paper sheet 
is introduced into the conveyance path 17 While being 
absorbed by the ?rst suction device 131. In other Words, 
When only a single paper sheet is conveyed, the second 
suction device 132 is deactivated, so as not to conduct the 
adsorbing action. 
[0032] FIGS. 4(a), 4(b) and 4(0) shoW ?oWcharts of 
processing procedures of the ?rst suction device 131 and the 
second suction device 132, Which are controlled by a control 
section embodied in the present invention. 
[0033] FIG. 4(a) shoWs a main routine of the processing 
procedure. 
[0034] The main routine of the processing procedure, to be 
conducted by the control section, includes the steps of: 
detecting a leading edge of the paper sheet by employing the 
thickness detecting sensor in Step S1; entering into Step S2 
When the thickness detecting sensor detects the leading edge 
of the paper sheet (Step S1, YES); Waiting at Step S1 When 
the thickness detecting sensor does not detect the leading 
edge of the paper sheet (Step S1, NO); detecting a thickness 
and an overlapping conveyance error of the paper sheet by 
employing the thickness detecting sensor in Step S2; jump 
ing to the subroutine for commencing the operation to be 
conducted by the ?rst suction device in Step S3, namely, 
jumping to Step S21 shoWn in FIG. 4(b) When controlling an 
amount of Wind ?oW, based on the thickness of the paper 
sheet, or jumping to Step S41 shoWn in FIG. 5 When 
controlling an amount of Wind ?oW, based on the basis 
Weight of the paper sheet; determining Whether or not the 
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overlapping conveyance error occurs in Step S4; proceeding 
to Step S5, When determining that the overlapping convey 
ance error occurs (Step S4, YES); proceeding to Step S12, 
When determining that the overlapping conveyance error 
does not occur, namely, only the single paper sheet is 
currently conveyed (Step S4, NO); con?rming a state of the 
overlapping conveyance error in Step S5, namely, proceed 
ing to Step S6 When a deviation amount betWeen the 
conveyance paper sheet and the overlap paper sheet 19b is 
smaller than 20 mm (Step S5, YES), or proceeding to Step 
S7 When a deviation amount betWeen the conveyance paper 
sheet and the overlap paper sheet 19b is equal to or greater 
than 20 mm (Step S5, NO); determining Whether or not the 
leading edge of the paper sheet passes through the ?rst 
suction device in Step S6, in other Words, Whether or not the 
conveyance paper sheet is conveyed to such a position that 
it covers all over the ?rst suction device, namely, proceeding 
to Step S8 When determining that the leading edge of the 
paper sheet passes through the ?rst suction device (Step S6, 
YES), or Waiting at Step S6 When determining that the 
leading edge of the paper sheet does not pass through the 
?rst suction device (Step S6, NO); determining Whether or 
not the leading edge of the overlap paper sheet passes 
through a center of the second suction device in Step S7, 
namely, proceeding to Step S8 When determining that the 
leading edge of the overlap paper sheet passes through the 
center of the second suction device (Step S7, YES), or 
Waiting at Step S7 When determining that the leading edge 
of the overlap paper sheet does not pass through the center 
of the second suction device (Step S7, NO); jumping to Step 
S31 in the subroutine of commencing the operation of the 
second suction device shoWn in FIG. 4(c) in Step S8; 
activating the ?rst suction device and the second suction 
device to implement the separating operation of the overlap 
paper sheets by the absorbing actions of them in Step S9; 
determining Whether or not the overlap paper sheet sepa 
rated is conveyed to a transferring position of a toner image 
through the conveyance path and Whether or not the overlap 
paper sheet is conveyed to the stacking box or a reuse 
conveyance path 21 detailed later in Step S10, Where the 
paper sheet conveyance detecting sensor 101 detects a 
trailing edge of the conveyance paper sheet While the 
overlap paper sheet detecting sensor 102 detects a trailing 
edge of the overlap paper sheet in order to achieve the 
determining operation in Step S10; proceeding to Step S11 
When both trailing edges of the conveyance paper sheet and 
the overlap paper sheet are detected (Step S10, YES), or 
Waiting at Step S10 When any one of the trailing edges of the 
conveyance paper sheet and the overlap paper sheet is not 
detected (Step S10, NO); deactivating the operations of the 
?rst and second suction devices in Step S11; determining 
Whether or not the conveyance paper sheet is conveyed to 
the transferring position of the toner image through the 
conveyance path by detecting the trailing edge of the con 
veyance paper sheet in Step S12; proceeding to Step S11 
When determining that the conveyance paper sheet is con 
veyed to the transferring position (Step S12, YES), or 
Waiting at Step S12 When determining that the conveyance 
paper sheet is not conveyed to the transferring position (Step 
S12, NO); and deactivating the operation of the ?rst suction 
device in Step S11 When determining that the conveyance 
paper sheet is conveyed to the transferring position (Step 
S12, YES). 
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[0035] As mentioned in the above, by commencing the 
operation of the second suction device at the time when the 
conveyance paper sheet totally closes the ?rst suction device 
and passes through the center of the second suction device, 
it becomes possible to securely conduct the operation for 
separating the overlap paper sheets from each other. 
[0036] FIG. 4(b) shows a subroutine ?owchart for com 
mencing the operation of the ?rst suction device in which the 
amount of wind ?ow is controlled on the basis of the 
thickness of the paper sheet. 
[0037] The subroutine ?owchart for commencing the 
operation of the ?rst suction device, shown in FIG. 4(b), 
includes the steps of: storing a predetermined value into a 
memory area of a wind ?ow amount wf1 in Step S21, where 
a wind ?ow amount wf1 is de?ned as a memory area for 
storing a wind ?ow amount of the ?rst suction device, while 
the predetermined value indicates the wind ?ow amount of 
the ?rst suction device, an optimum value of which is set at 
a value in a range of 0.3-0.9 m3/minute, for instance, at 0.6 
m3/minute; determining whether or not the thickness of the 
paper sheet is equal to or smaller than 0.08 mm in Step S22, 
namely, proceeding to Step S23 when determining that the 
thickness of the paper sheet is equal to or smaller than 0.08 
mm (Step S22, YES), or proceeding to Step S24 when 
determining that the thickness of the paper sheet is greater 
than 0.08 mm (Step S22, NO); storing a value of 0.8 times 
of the predetermined value, for instance, 0.6><0.8:0.48 
m3/minute, into the memory area of the wind ?ow amount 
wf1 in Step S23; determining whether or not the thickness 
of the paper sheet is equal to or greater than 0.15 mm in Step 
S24, namely, proceeding to Step S25 when determining that 
the thickness of the paper sheet is equal to or greater than 
0.15 mm (Step S24, YES), or proceeding to Step S26 when 
determining that the thickness of the paper sheet is smaller 
than 0.15 mm (Step S24, NO); storing a value of 1.6 times 
of the predetermined value, for instance, 0.6><1.6:0.96 
m3/minute, into the memory area of the wind ?ow amount 
wf1 in Step S25; commencing the operation of the ?rst 
suction device by employing the wind ?ow value stored in 
the memory area of the wind ?ow amount wf1 in Step S26; 
and returning to the main routine. 
[0038] FIG. 4(c) shows a subroutine ?owchart for com 
mencing the operation of the second suction device. 
[0039] The subroutine ?owchart for commencing the 
operation of the second suction device, shown in FIG. 4(c), 
includes the steps of: storing a value of 1.6 times of the wind 
?ow amount, stored in the memory area of the wind ?ow 
amount wf1, into a memory area of a wind ?ow amount wf2 
in Step S31, where a wind ?ow amount wf2 is de?ned as a 
memory area for storing a wind ?ow amount of the second 
suction device, for instance, when the thickness of the paper 
sheet is equal to or greater than 0.15 mm, since the value of 
0.96 m3/minute is stored in the wind ?ow amount wf1, a 
value of 0.96><1 .6:1.536 m3/minute is stored in the memory 
area of a wind ?ow amount wf2; commencing the operation 
of the second suction device by employing the wind ?ow 
value stored in the memory area of the wind ?ow amount 
wf2 in Step 32; and returning to the main routine. 
[0040] As mentioned in the above, by changing the wind 
?ow amount corresponding to the thickness of the paper 
sheet, it becomes possible to surely conduct the operation for 
separating the overlap paper sheets from each other. 
[0041] Table 1 shows results of the experiments for con 
sidering the separating effects of the paper sheets, conducted 
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by changing the wind ?ow amount of the second suction 
device with respect to the ?rst suction device. The term of 
“wind ?ow amount ratio” indicates a value derived by 
dividing the wind ?ow amount of the second suction device 
by that of the ?rst suction device. 

TABLE 1 

Wind ?ow 
amount ratio Consideration results of separating effects 

0.8 times Due to inability of separating action conducted by 
the ?rst suction device, both paper sheets are 
introduced into the conveyance path. 
Due to inability of separating action conducted by 
the ?rst suction device, both paper sheets are 
introduced into the conveyance path. 
Paper sheets can be separated. Separated paper 
sheets are conveyed to the conveyance path and the 
overlapping conveyance path, respectively. 
Paper sheets can be separated. Separated paper 
sheets are conveyed to the conveyance path and the 
overlapping conveyance path, respectively. 
Paper sheets can be separated. Separated paper 
sheets are conveyed to the conveyance path and the 
overlapping conveyance path, respectively. 
Paper sheets can be separated. Separated paper 
sheets are conveyed to the conveyance path and the 
overlapping conveyance path, respectively. 
Both paper sheets are introduced into the 
overlapping conveyance path by the absorbing action 
of the second suction device. 
Both paper sheets are introduced into the 
overlapping conveyance path by the absorbing action 
of the second suction device. 

1.0 times 

1.2 times 

1.5 times 

1.8 times 

2.0 times 

2.5 times 

3 .0 times 

[0042] In the results shown in Table 1, some pairs of 
overlapping paper sheets cannot be separated from each 
other and are conveyed together at each of the wind ?ow 
amount ratios of 0.8 times, 1.0 times, 2.5 times and 3.0 
times. However, overlapping paper sheets can be surely 
separated from each other and are conveyed separately at a 
value of the wind ?ow amount ratio in a range of 1.2 
times-2.0 times. As mentioned in the foregoing (refer to Step 
S31), the wind ?ow amount of the second suction device is 
set at a value 1.6 times of that of the ?rst suction device in 
the abovementioned example embodied in the present inven 
tion. 

[0043] According to the present invention, by setting the 
wind ?ow amount ratio of the second suction device versus 
the ?rst suction device at a value in a range of 1.2 times-2.0 
times, it becomes possible to surely conduct the operation 
for separating the overlapping paper sheets from each other. 
[0044] FIG. 5 shows a subroutine ?owchart for commenc 
ing the operation of the ?rst suction device in which the 
amount of wind ?ow is controlled on the basis of the basis 
weight of the paper sheet. 
[0045] The basis weight, corresponding to the paper sheets 
to be fed from the paper sheet feeding section, is inputted in 
advance from an operating section (not shown in the draw 
ings) of an image forming apparatus in which the paper 
conveyance apparatus embodied in the present invention is 
installed. 

[0046] The subroutine ?owchart for commencing the 
operation of the ?rst suction device, shown in FIG. 5, 
includes the steps of: storing a predetermined value into a 
memory area of a wind ?ow amount wf1 in Step S41, where 
a wind ?ow amount wf1 is de?ned as a memory area for 
storing a wind ?ow amount of the ?rst suction device, while 
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the predetermined value indicates the Wind ?oW amount of 
the ?rst suction device, an optimum value of Which is set at 
a value in a range of 0.3-0.9 m3/minute, for instance, at 0.6 
m3/minute; determining Whether or not the basis Weight of 
the paper sheet is equal to or smaller than 59 gram in Step 
S42, namely, proceeding to Step S43 When determining that 
the basis Weight of the paper sheet is equal to or smaller than 
59 gram (Step S42, YES), or proceeding to Step S44 When 
determining that the basis Weight of the paper sheet is equal 
to or greater than 60 gram (Step S42, NO); storing a value 
of 0.8 times of the predetermined value, for instance, 0.6>< 
0.8:048 m3/minute, into the memory area of the Wind ?oW 
amount Wfl in Step S43; determining Whether or not the 
basis Weight of the paper sheet is in a range of 106-210 gram 
in Step S44, namely, proceeding to Step S45 When deter 
mining that the basis Weight of the paper sheet is in a range 
of 106-210 gram (Step S44, YES), or proceeding to Step S46 
When determining that the basis Weight of the paper sheet is 
not in a range of 106-210 gram (Step S44, NO); storing a 
value of 1.6 times of the predetermined value, for instance, 
0.6><1.6:0.96 m3/minute, into the memory area of the Wind 
?oW amount Wfl in Step S45; determining Whether or not 
the basis Weight of the paper sheet is equal to or greater than 
211 gram in Step S42, namely, proceeding to Step S47 When 
determining that the basis Weight of the paper sheet is equal 
to or greater than 211 gram (Step S46, YES), or proceeding 
to Step S48 When determining that the basis Weight of the 
paper sheet is equal to or smaller than 210 gram (Step S42, 
NO); storing a value of 2.0 times of the predetermined value, 
for instance, 0.6><2.0:1.2 m3/minute, into the memory area 
of the Wind ?oW amount Wfl in Step S47; commencing the 
operation of the ?rst suction device by employing the Wind 
?oW value stored in the memory area of the Wind ?oW 
amount Wfl in Step S48; and returning to the main routine. 
[0047] As mentioned in the above, by changing the Wind 
?oW amount of the ?rst suction device, corresponding to the 
basis Weight of the paper sheet, it becomes possible to surely 
conduct the operation for separating the overlap paper sheets 
from each other. 

[0048] FIG. 6 shoWs a schematic diagram of the paper 
sheet conveyance con?guration in Which the overlap paper 
sheet, separated from the conveyance paper sheet, is con 
veyed into the reuse conveyance path 21 through the over 
lapping conveyance path. 
[0049] In the con?guration shoWn in FIG. 1, the overlap 
paper sheet, separated from the conveyance paper sheet, is 
conveyed into the stacking box 20 through the overlapping 
conveyance path 18. Accordingly, it becomes possible to 
reuse the overlap paper sheets stacked on the stacking box 
20 by taking out the overlap paper sheets from the stacking 
box 20 and again stacking them onto the paper sheet feeding 
section 1. 

[0050] On the other hand, according to the con?guration 
shoWn in FIG. 6, since the overlap paper sheet, separated 
from the conveyance paper sheet, is ejected into the reuse 
conveyance path 21 through the overlapping conveyance 
path 18 by the pair of ejecting rollers 14 so as to again 
introduce it into the conveyance path, it becomes possible to 
automatically reuse the overlap paper sheet Without requir 
ing any manual handling. 
[0051] Incidentally, the paper sheet conveyance apparatus 
embodied in the present invention can be installed into not 
only an image forming apparatus, such as a copier, a printer, 
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a facsimile, etc., but also, a post processing apparatus to be 
coupled to the image forming apparatus directly or indi 
rectly. 
[0052] Other than the embodiment described in the fore 
going, the detailed structures and operations of the disclosed 
embodiment can be varied by a skilled person Without 
departing from the spirit and scope of the invention. 
[0053] According to the present invention, since the print 
ing operation can be conducted continuously Without stop 
ping the apparatus, even When the overlapping conveyance 
error occurs, by surely separating the overlapping paper 
sheets, currently conveyed, from each other, it becomes 
possible to shorten the time period required for the printing 
operation, resulting in an improvement of the availability 
factor of the image forming apparatus. Further, since the 
separating action can be achieved Without relying on the 
gravity force, the conveyance posture is not restricted to the 
horiZontal direction, and therefore, it becomes possible to 
improve the design ?exibility for designing the structure and 
arrangements of the apparatus. 
[0054] While the preferred embodiments of the present 
invention have been described using speci?c term, such 
description is for illustrative purpose only, and it is to be 
understood that changes and variations may be made With 
out departing from the spirit and scope of the appended 
claims. 

What is claimed is: 
1. A paper sheet conveyance apparatus for conveying a 

paper sheet, picked up from a paper sheet feeding section, 
through a conveyance path, comprising: 

a thickness detecting section to detect a thickness of either 
a single paper sheet or overlapping paper sheets, Which 
includes a conveyance paper sheet and an overlap paper 
sheet, currently conveyed in the conveyance path; 

a ?rst suction device, disposed at a ?rst position Within the 
conveyance path, to adsorb the conveyance paper sheet 
currently passing through the ?rst suction device; 

a second suction device, disposed at a second position 
substantially opposing to the ?rst position Within the 
conveyance path, to adsorb the overlap paper sheet 
currently passing through the second suction device; 

an overlapping conveyance path that is branched from the 
conveyance path; and 

a control section to conduct controlling operations in such 
a manner that, When the overlapping paper sheets are 
conveyed into the conveyance path from the paper 
sheet feeding section, the ?rst suction device and the 
second suction device are activated to separate the 
conveyance paper sheet from the overlap paper sheet, 
so as to introduce the conveyance paper sheet and the 
overlap paper sheet into the conveyance path and the 
overlapping conveyance path, respectively. 

2. The paper sheet conveyance apparatus of claim 1, 
Wherein each of the ?rst suction device and the second 

suction device includes a plurality of fans. 
3. The paper sheet conveyance apparatus of claim 1, 
Wherein the control section activates the second suction 

device, When an overlapping conveyance of the over 
lapping paper sheets is detected, based on the thickness 
detected by the thickness detecting section. 

4. The paper sheet conveyance apparatus of claim 1, 
Wherein the control section sets a Wind ?oW amount of the 

second suction device at a value 1.2 to 2 times that of 
the ?rst suction device. 
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5. The paper sheet conveyance apparatus of claim 1, 

Wherein the control section controls a Wind ?oW amount 
of the ?rst suction device, based on the thickness of the 
single paper sheet or the conveyance paper sheet, 
currently conveyed in the conveyance path. 

6. The paper sheet conveyance apparatus of claim 5, 

Wherein the control section sets a ?rst Wind ?oW amount 
of the ?rst suction device at a value in a range of 0.3-0.9 

m3/minute, When conveying the single paper sheet or 
the conveyance paper sheet, a thickness of Which is 
smaller than 0.15 mm and equal to or greater than 0.08 
mm. 

7. The paper sheet conveyance apparatus of claim 6, 

Wherein the control section sets a second Wind ?oW 
amount of the ?rst suction device at a value 1.5 to 2 
times the ?rst Wind ?oW amount, When conveying the 
single paper sheet or the conveyance paper sheet, a 
thickness of Which is equal to or greater than 0.15 mm; 
and 

Wherein the control section sets a third Wind ?oW amount 
of the ?rst suction device at a value 0.6 to 0.8 times the 
?rst Wind ?oW amount, When conveying the single 
paper sheet or the conveyance paper sheet, a thickness 
of Which is smaller than 0.08 mm. 

8. The paper sheet conveyance apparatus of claim 1, 

Wherein the control section controls a Wind ?oW amount 
of the ?rst suction device, based on a basis Weight of 
the single paper sheet or the conveyance paper sheet, 
currently conveyed in the conveyance path. 

9. The paper sheet conveyance apparatus of claim 8, 
Wherein the control section sets a ?rst Wind ?oW amount 

of the ?rst suction device at a value in a range of 0.3-0.9 
m3/minute, When conveying the single paper sheet or 
the conveyance paper sheet, a basis Weight of Which is 
in a range of 60-105 gram. 

10. The paper sheet conveyance apparatus of claim 9, 
Wherein the control section sets a second Wind ?oW 

amount of the ?rst suction device at a value 0.6 to 0.8 
times the ?rst Wind ?oW amount, When conveying the 
single paper sheet or the conveyance paper sheet, a 
basis Weight of Which is equal to or smaller than 59 
gram; and 

Wherein the control section sets a third Wind ?oW amount 
of the ?rst suction device at a value 1.5 to 1.8 times the 
?rst Wind ?oW amount, When conveying the single 
paper sheet or the conveyance paper sheet, a basis 
Weight of Which is in a range of 106-210 gram; and 

Wherein the control section sets a fourth Wind ?oW 
amount of the ?rst suction device at a value 1.9 to 2.0 
times the ?rst Wind ?oW amount, When conveying the 
single paper sheet or the conveyance paper sheet, a 
basis Weight of Which is equal to or greater than 211 
gram. 

11. The paper sheet conveyance apparatus of claim 1, 
Wherein the control section conducts controlling opera 

tions in such a manner that the second suction device is 
activated, at a time When the conveyance paper sheet 
closes all over the ?rst suction device, and a leading 
edge of the overlap paper sheet passes through a center 
of the second suction device. 
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12. The paper sheet conveyance apparatus of claim 1, 
further comprising: 

a stacking box to stack the overlap paper sheet in it; 
Wherein the control section conducts controlling opera 

tions in such a manner that the overlap paper sheet is 
stacked onto the stacking box. 

13. The paper sheet conveyance apparatus of claim 1, 
further comprising: 

a reuse conveyance path to convey the overlap paper 
sheet, separated from the conveyance paper sheet, so as 
to reuse the overlap paper sheet. 

14. An image forming apparatus, comprising: 
an image forming section to form an image onto a paper 

sheet; and 
a paper sheet conveyance section to convey the paper 

sheet, picked up from a paper sheet feeding section, to 
the image forming section through a conveyance path; 

Wherein the paper sheet conveyance section includes: 
a thickness detecting section to detect a thickness of 

either a single paper sheet or overlapping paper 
sheets, Which includes a conveyance paper sheet and 
an overlap paper sheet, currently conveyed in the 
conveyance path; 

a ?rst suction device, disposed at a ?rst position Within 
the conveyance path, to adsorb the conveyance paper 
sheet currently passing through the ?rst suction 
device; 

a second suction device, disposed at a second position 
substantially opposing to the ?rst position Within the 
conveyance path, to adsorb the overlap paper sheet 
currently passing through the second suction device; 

an overlapping conveyance path that is branched from 
the conveyance path; and 

a control section to conduct controlling operations in 
such a manner that, When the overlapping paper 
sheets are conveyed into the conveyance path from 
the paper sheet feeding section, the ?rst suction 
device and the second suction device are activated to 
separate the conveyance paper sheet from the over 
lap paper sheet, so as to introduce the conveyance 
paper sheet and the overlap paper sheet into the 
conveyance path and the overlapping conveyance 
path, respectively. 

15. The image forming apparatus of claim 14, 
Wherein each of the ?rst suction device and the second 

suction device includes a plurality of fans. 
16. The image forming apparatus of claim 14, 
Wherein the control section activates the second suction 

device, When an overlapping conveyance of the over 
lapping paper sheets is detected, based on the thickness 
detected by the thickness detecting section. 

17. The image forming apparatus of claim 14, 
Wherein the control section sets a Wind ?oW amount of the 

second suction device at a value 1.2 to 2 times that of 
the ?rst suction device. 

18. The image forming apparatus of claim 14, 
Wherein the control section controls a Wind ?oW amount 

of the ?rst suction device, based on the thickness of the 
single paper sheet or the conveyance paper sheet, 
currently conveyed in the conveyance path. 

19. The image forming apparatus of claim 14, 
Wherein the control section controls a Wind ?oW amount 

of the ?rst suction device, based on a basis Weight of 
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the single paper sheet or the conveyance paper sheet, activated, at a time When the conveyance paper sheet 
currently conveyed in the conveyance path. covers all over the ?rst suction device, and a leading 

20_ The image fonning apparatus of Claim 14, edge of the overlap paper sheet passes through a center 
Wherein the control section conducts controlling opera- of the Second Sucnon devlce' 

tions in such a manner that the second suction device is * * * * * 


